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Glossary 

Term Definition 

Annelid 
Segmented worm, an invertebrate animal belonging to the phylum Annelida that includes polychaetes 
and oligochaetes (such as earthworms). 

Benthic ecology 
Benthic ecology encompasses the study of the organisms living in and on the sea floor, the interactions 
between them and impacts on the surrounding environment. 

Biomass 
The total quantity of living organisms in a given area, expressed in terms of living or dry weight or energy 
value per unit area. 

Biotope 
The combination of physical environment (habitat) and its distinctive assemblage of conspicuous 
species. 

Circalittoral 
The subzone of the rocky sublittoral below that dominated by algae (i.e. the infralittoral), and dominated 
by animals. 

Crustacean 
An invertebrate belonging to the subphylum of Crustacea, of the phylum Arthropoda. Includes crabs, 
lobsters, shrimps, barnacles and sand hoppers. 

Echinoderm 
An invertebrate animal belonging to the phylum Echinodermata that includes sea stars, brittle stars, 
feather stars, sea urchins and sea cucumbers. 

Epibenthic Organisms living on the surface of the seabed. 

Epifauna Animals living on the surface of the seabed. 

European site 
A Special Area of Conservation (SAC) or candidate SAC, a Special Protection Area (SPA) or potential 
SPA, a site listed as a Site of Community importance (SCI) or a Ramsar site. 

Hamon grab 
A tool for sampling the benthic macro-infauna that is particularly effective for sampling from coarse 
substrata. 

Infauna The animals living in the sediments of the seabed. 

Infralittoral A subzone of the sublittoral in which upward-facing rocks are dominated by erect algae. 

Intertidal An area of a seashore that is covered at high tide and uncovered at low tide. 

Macrofauna Organisms retained on a 0.5 mm mesh. 

Mollusc 
Invertebrate animal belonging to the phylum Mollusca that includes the snails, clams, chitons, tooth 
shells, and octopi. 

Multivariate statistical 
analysis 

Statistical analysis that includes the simultaneous observation and analysis of more than one statistical 
variable. 

Polychaete A class of segmented worms often known as bristleworms. 

Spat The spawn or larvae of shellfish, especially oysters. 

Sublittoral Area extending seaward of low tide to the edge of the continental shelf. 

Subtidal Area extending from below low tide to the edge of the continental shelf. 

Univariate statistical 
analysis 

A statistical analysis carried out with only one variable. 
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1. Introduction 

1.1 Project background 

1.1.1.1 Orsted Hornsea Project Three (UK) Ltd., on behalf of Orsted Power (UK) Ltd., is promoting the 

development of the Hornsea Project Three Offshore Wind Farm (hereafter referred to as Hornsea Three). 

Hornsea Three is a proposed offshore wind farm and includes the associated offshore cable corridor and 

onshore infrastructure. The Hornsea Three array area is located in the east of the former Hornsea Zone, 

in the central region of the North Sea, approximately 121 km to the northeast of Tringham, Norfolk, 

approximately 140 km to the east of the East Riding of Yorkshire coast and approximately 10.1 km west 

of the median line between UK and Netherlands waters (Figure 1.1). 

1.1.1.2 RPS was commissioned to undertake a subtidal and intertidal benthic ecology characterisation study of 

the Hornsea Three site and surrounding area. This included a detailed desktop study of the benthic 

ecology of a defined study area (see section 3) surrounding Hornsea Three and a number of historic 

benthic ecology surveys across the former Hornsea Zone. This characterisation study has been 

supplemented with new data from site specific surveys undertaken in 2016 and 2017, including within the 

Hornsea Three array area, the offshore cable corridor and the intertidal area (section 2.4.3).  

1.2 Aims and objectives 

1.2.1.1 The aim of this study was to provide an up to date characterisation of the benthic ecological resources 

within a defined study area, which incorporates the Hornsea Three area  (i.e. Hornsea Three array area, 

offshore cable corridor and intertidal area) and the zone of potential impact, as agreed with the relevant 

statutory consultees for this topic (i.e. Marine Management Organisation (MMO), Natural England, the 

Joint Nature Conservation Committee (JNCC) and the Centre for Environment, Fisheries and Aquaculture 

Science (Cefas)) through the Evidence Plan process (see section 2.2). 

1.2.1.2 Using existing data, historic benthic ecology survey data and the site specific survey data, the objective 

was to give a general description of the subtidal and intertidal benthic communities within the southern 

North Sea regional benthic ecology study area. These were then compared with the subtidal and intertidal 

benthic communities found within the Hornsea Three benthic ecology study area (see section 2.1) to 

provide the basis for evaluating the importance of habitats, species, or groups of species, as óvalued 

ecological receptorsô for consideration in the impact assessment.  

1.2.1.3 This technical report describes the baseline benthic ecology of the Hornsea Three benthic ecology study 

area (section 2.1). Sensitive benthic ecology receptors at Hornsea Three are derived from this baseline 

characterisation which informs the impact assessment in volume 2, chapter 2: Benthic Ecology. Volume 

2, chapter 2: Benthic Ecology provides details on consultation and considers the potential significance 

and likely significance of effects of the maximum design scenario upon the receptors identified within this 

report. 
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Figure 1.1: Location of Hornsea Three and the former Hornsea Zone, plus other offshore wind farm sites in the southern North Sea benthic ecology study area. 
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2. Methodology 

2.1 Benthic ecology study area 

2.1.1.1 For the purposes of the Hornsea Three benthic subtidal and intertidal characterisation, two study areas 

were defined: 

 The Hornsea Three benthic ecology study area 

2.1.1.2 This area encompasses Hornsea Three, which includes the Hornsea Three array area, Hornsea Three 

offshore cable corridor (i.e. encompassing subtidal benthic ecology), and intertidal area (i.e. 

encompassing intertidal benthic ecology) (Figure 1.1). The subtidal section of the Hornsea Three benthic 

ecology study area also incorporates the former Hornsea Zone plus a 5 km buffer around the former 

Hornsea Zone, within which previous sampling campaigns were undertaken. Two offshore cable corridor 

reroutes were applied to Hornsea Three after publication of the Preliminary Environmental Information 

Report (PEIR), one at the northern end of the Hornsea Three offshore cable corridor and one in the 

nearshore section, around the west side of the Cromer Shoal Chalk Beds Marine Conservation Zone 

(MCZ; see Figure 2.1 and volume 1, chapter 3: Project Description). Both the original and reroute sections 

are included in the Hornsea Three benthic ecology study area, though the majority of the site specific 

sampling had been undertaken prior to the reroutes. Surveys undertaken across the former Hornsea Zone, 

including those for Hornsea Project One and Hornsea Project Two have been used to inform this Benthic 

Ecology study area.  

2.1.1.3 At the intertidal area, the Hornsea Three benthic ecology study area considers habitats up to the Mean 

High Water Spring (MHWS) mark. Habitats landward of MHWS have been considered in the onshore 

ecology assessment (see volume 3, chapter 3: Terrestrial Ecology). 

 The southern North Sea benthic ecology study area  

2.1.1.4 This is the regional benthic ecology study area and was defined by the boundaries of the southern North 

Sea Marine Natural Area (MNA) (Jones et al., 2004) (Figure 1.1). This southern North Sea benthic ecology 

study area provides wider context for the site specific data and is the area assessed through the desktop 

review. 

2.2 Evidence Plan 

2.2.1.1 The purpose of the Hornsea Three Evidence Plan process (see Evidence Plan (document reference 

number A5.1.1)) is to agree the environmental information Hornsea Three needs to supply to PINS, as 

part of a Development Consent Order (DCO) application for Hornsea Three. The Evidence Plan seeks to 

ensure compliance with the EIA and Habitat Regulations Assessment (HRA) requirements.  

2.2.1.2 As part of the Evidence Plan process, the Marine Processes, Benthic Ecology and Fish and Shellfish 

Ecology Expert Working Group (EWG) was established with representatives from the key regulatory 

bodies and their advisors, including statutory nature conservation bodies; MMO, Cefas and Natural 

England. Between June 2016 and publication of this Environmental Statement, a number of EWG 

meetings were held to discuss key issues with regard to the benthic ecology elements of the Hornsea 

Three project, including characterisation of the baseline environment and the impacts to be considered 

within the impact assessment; see the summary of key points raised during consultation in section 1.5 of 

volume 2, chapter 2: Benthic Ecology.  

2.2.1.3 The approach proposed by Hornsea Three for the purposes of characterising the subtidal and intertidal 

benthic communities within the Hornsea Three benthic ecology study area was an evidence based 

approach to the EIA. This involved utilising existing data and information from sufficiently similar or 

analogous studies to inform baseline understanding and/or impact assessments for Hornsea Three. In 

this way, the evidence based approach does not necessarily require new data to be collected, or new 

modelling studies to be undertaken, to characterise the potential impact with sufficient confidence for the 

purposes of EIA (see volume 1, chapter 5: Environmental Impact Assessment Methodology). 

2.2.1.4 The scope of the issues for assessment for benthic ecology is very similar (although not identical) to that 

previously considered for Hornsea Project One and Hornsea Project Two. The range of issues assessed 

within volume 2, chapter 2: Benthic Ecology, are briefly summarised below. The spatial extent of the 

impacts assessed will vary depending on the impact, although the extents are expected to be similar to 

those identified for Hornsea Project One and Hornsea Project Two. Impacts considered within volume 2, 

chapter 2: Benthic Ecology include (but are not limited to):  

¶ Construction related activities leading to short term and localised changes (i.e. primarily within the 

Hornsea Three array area and Hornsea Three offshore cable corridor and temporary working areas) 

in benthic habitats and species including temporary habitat loss, increases in suspended sediments 

and subsequent deposition;  

¶ Operation phase impacts related to the presence of offshore infrastructure, leading to relatively 

localised effects on benthic ecology (i.e. primarily within the Hornsea Three array area and Hornsea 

Three offshore cable corridor and temporary working areas). These include presence of subsea 

infrastructure leading to long term habitat loss and localised changes in community assemblages; 

and 

¶ Decommissioning phase impacts including localised changes in benthic habitats and species 

including temporary habitat loss and permanent habitat loss, temporary increases in suspended 

sediments and accidental release of pollutants. 
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2.2.1.5 Hornsea Three is located within the former Hornsea Zone, for which extensive data and knowledge 

regarding the benthic ecology baseline is already available. This data/knowledge has been acquired 

through zonal studies and from the surveys and characterisations undertaken for Hornsea Project One 

and Hornsea Project Two. It was therefore proposed that the Hornsea Three benthic ecology 

characterisation be completed using a combination of desktop data and information sources, and site- 

specific survey data collected as part of the characterisations of the Hornsea Project One and Hornsea 

Project Two offshore wind farms and the former Hornsea Zone. Over a series of EWG meetings conducted 

between June 2016 and publication of this Environmental Statement, it was agreed that in general this 

approach  was appropriate and sufficient for the purposes of characterising the benthic ecology of the 

Hornsea Three benthic ecology study area, although noting an agreement to supplement this existing 

data with some Hornsea Three site specific additions, described briefly in paragraphs 2.2.1.6 and 2.2.1.7 

below and in further detail in section 2.4. 

2.2.1.6 Within the Hornsea Three array area and along the Hornsea Three offshore cable corridor, additional 

benthic sampling was undertaken as part of the geophysical survey campaign commissioned by Hornsea 

Three in 2016; as standalone benthic surveys in 2017; and as part of an inshore geophysical survey 

campaign in 2017. As agreed with the Marine Processes, Benthic Ecology and Fish and Shellfish Ecology 

EWG, these site specific survey data have been incorporated into the Hornsea Three benthic ecology 

baseline characterisation described in this Environmental Statement (see Figure 2.6 and section 2.4.3). 

2.2.1.7 The Hornsea Three offshore cable corridor is unique to Hornsea Three. As such, the existing data and 

knowledge of the baseline environment along the offshore cable corridor for Hornsea Project One and 

Hornsea Project Two is relevant only in part to the Hornsea Three offshore cable corridor and the 

evidence-based approach described above cannot be applied. Therefore the baseline characterisation of 

the Hornsea Three offshore cable corridor within this Environmental Statement has primarily drawn upon 

the site specific surveys completed in 2016 and 2017 and desktop information from third-party surveys, 

including surveys targeting areas within and in close proximity to areas designated for nature 

conservation. The approach to baseline characterisation, including site specific surveys along the Hornsea 

Three offshore cable corridor has been discussed and agreed through the Marine Processes, Benthic 

Ecology and Fish and Shellfish Ecology EWG.  

2.3 Desktop review 

2.3.1.1 There have been several broadscale benthic studies in the North Sea which, wholly or in part, spatially 

overlap with Hornsea Three. A primary source of data that coincides spatially with the Hornsea Three 

benthic ecology study area was provided by the Humber Regional Environmental Characterisation (REC). 

This data provides benthic biotope mapping coverage of an area of 11,000 km2 off the east coast of 

England and was funded by the Marine Aggregate Levy Sustainability Fund (MALSF; Tappin et al., 2011). 

The Humber Aggregate Dredging Association (HADA) has also collated data from 1,013 benthic grab 

samples in the Humber and Outer Wash Region in support of the Marine Aggregate Regional 

Environmental Assessment (MAREA; ERM, 2012). The extent of the resulting biotope map coincides with 

the nearshore approach to the Hornsea Three offshore cable corridor and this information has been used 

to support this benthic ecology characterisation. One of the main objectives of the MAREA was to describe 

the regional benthic characteristics in an area with several marine aggregate licence areas. 

2.3.1.2 Other data coinciding with the Hornsea Three benthic ecology study area, and providing coverage across 

much of the southern North Sea study area, were drawn from the following sources (see Figure 2.1 for 

those data available in a Geographical Information System (GIS)): 

¶ EMODnet broad scale map of sea bed habitats, including data from the Mapping European Seabed 

Habitats (MESH) mapping programme (EUSeaMap2016, 2016); 

¶ UK Benthos Application accessed via Oil and Gas UK (http://oilandgasuk.co.uk/product/ukbenthos/). 

Department for Transport, Local Government and the Regions (DTLR, 2002);  

¶ Benthic sampling programmes coordinated under the North Sea Benthos Project (NSBP, 2010); 

¶ Technical reports for Strategic Environmental Assessment (SEA) Areas 2 and 3 (DTI, 2001a; DTI, 

2001b);  

¶ Baseline characterisations and monitoring surveys from other developments, including offshore wind 

farms, in the region (e.g. Dudgeon (Warwick Energy, 2009; Fugro EMU Ltd., 2015) and Sheringham 

Shoal (Scira Offshore Energy, 2006; 2015));  

¶ Data from the surveys undertaken in support of the designation of the Cromer Shoal Chalk Beds 

MCZ (Defra, 2015);  

¶ Data from benthic surveys undertaken within the North Norfolk Sandbanks and Saturn Reef Special 

Area of Conservation (SAC) and Haisborough, Hammond and Winterton SAC (e.g. Barrio Froján et 

al., 2013) undertaken in support of site designation and the development of appropriate management 

advice for the site (e.g. Jenkins et al., 2015);  

¶ Data acquired in the Southern North Sea Synthesis Benthic Survey, commissioned by Cefas (Allen, 

2012); 

¶ Reports from benthic surveys undertaken within the Wash and North Norfolk Coast SAC (e.g. APEM, 

2013);  

¶ Data from Marine Recorder, including Seasearch dive surveys within the Cromer Shoal Chalk Beds 

MCZ and the Wash and North Norfolk Coast SAC; and 
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¶ Other large scale benthic infauna and epifauna surveys undertaken in the southern North Sea 

including classic infaunal surveys (Petersen, 1914; 1918) and wide scale trawl, grab and video 

surveys (Dyer et al., 1982 and 1983; Jennings et al., 1999; Rees et al., 1999; Callaway et al., 2002). 

2.3.2 Nature conservation designations 

2.3.2.1 Information on the nature conservation designations relevant to subtidal and intertidal benthic ecology 

were identified using a number of sources. The JNCCôs website and the Natura 2000 European Nature 

Information Systems (EUNIS) database were used to identify international designations. National 

designations such as MCZs and rMCZs were identified using the Final Recommendations Report of the 

Net Gain and Balanced Seas projects, which represented the North Sea (Net Gain, 2011a) and southeast 

England (Balanced Seas, 2011), respectively. National Nature Reserves (NNRs), Sites of Special 

Scientific Interest (SSSIs) and Local Nature Reserves (LNRs) were identified using the Department for 

Environment, Food and Rural Affairs (Defra) MAGIC interactive map application 

(http://magic.Defra.gov.uk/). Nature conservation designations with benthic features are shown on Figure 

2.1. 

2.4 Field surveys 

2.4.1.1 As discussed in paragraph 2.2.1.5, data acquired for Hornsea Project One and Hornsea Project Two 

provide a substantial contribution to the characterisation of the benthic habitats and species present within 

the Hornsea Three benthic ecology study area. These survey data, and the coverage provided by these 

data is described below in section 2.4.2. As agreed through the Marine Processes, Benthic Ecology and 

Fish and Shellfish Ecology EWG, these data have been used to provide the baseline for the subtidal 

benthic ecology characterisation of the Hornsea Three array area. These data have, however, also been 

supplemented with site specific benthic sampling surveys undertaken in 2016 and 2017 within the Hornsea 

Three array area, offshore cable corridor and intertidal area. These surveys are described in section 2.4.3 

below.  

2.4.2 Historic survey data within the Hornsea Three benthic ecology study area  

2.4.2.1 Information is available for the Hornsea Three array area through historic benthic ecology surveys 

undertaken across the former Hornsea Zone. Detailed benthic subtidal surveys across the former Hornsea 

Zone were undertaken in 2010 for the Hornsea zone characterisation (ZoC) study (Figure 2.2). Further 

benthic subtidal surveys across the Hornsea Project One array area were completed in 2010, 2011 and 

infill surveys of the Hornsea Project Two array area were completed in 2012 (Figure 2.2). The Hornsea 

ZoC subtidal benthic sampling array was based on a regular grid pattern (of approximately 5 km spacing), 

to optimise coverage of the former Hornsea Zone and to increase the likelihood of encountering as many 

different habitats as possible. For Hornsea Project One and Hornsea Project Two array area surveys, 

sampling locations were selected on a stratified random basis to ensure adequate coverage of the different 

habitats present within the respective benthic ecology study areas. The data acquisition strategies, 

including the sampling arrays and methodologies, were discussed and agreed with the MMO and their 

advisors (i.e. Cefas, JNCC and Natural England). 

2.4.2.2 Subtidal benthic habitats were sampled through a combined benthic grab and drop- down video (DDV) 

survey, as well as an epibenthic beam trawl survey. Samples for contaminant analysis were also taken at 

several stations across Hornsea Project One and Hornsea Project Two.  

2.4.2.3 Data were available for the Hornsea Three benthic subtidal characterisation from a total of 334 single 

0.1 m2 benthic grabs/DDV deployments collected across the Hornsea Three benthic ecology study area 

between 2010 and 2012 (Table 2.1; Figure 2.2). As outlined in Table 2.1, 27 of the combined benthic 

grab/DDV locations coincide with the Hornsea Three array area. Data from a total of 102 epibenthic beam 

trawls undertaken across the Hornsea Three benthic ecology study area between 2010 and 2012 were 

also available to inform the Hornsea Three subtidal characterisation; none of these locations coincided 

with the Hornsea Three array area  (Table 2.1; Figure 2.2). 

2.4.2.4 A survey was carried out at Markhamôs Triangle rMCZ by Defra in 2012 to acquire data as part of the 

proposed designation of the site (Defra, 2014). This survey, which partially overlapped the Hornsea Three 

array area, comprised Hamon grab sampling for infauna and particle size analysis (PSA) and DDV 

sampling (Table 2.1). The data has been made available to Hornsea Three so that it can contribute to the 

characterisation of the Hornsea Three array area, as agreed through the Marine Processes, Benthic 

Ecology and Fish and Shellfish Ecology EWG. The PSA data has been incorporated into the dataset for 

the Hornsea Three benthic ecology study area to establish the sediment type in that region. The 

Markhamôs Triangle faunal dataset has been broadly analysed to determine the similarity of the 

communities in the site with those within the Hornsea Three array area; this analysis is further discussed 

in paragraph 2.6.2.2 and the results are presented in section 4.1.4.26 et seq.  

http://magic.defra.gov.uk/
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Figure 2.1: The location of Hornsea Three and the former Hornsea Zone with existing desktop data together with historic former Hornsea zone benthic ecology survey data. Hornsea Three site specific survey data and nature conservation designations with benthic 
features. 
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Figure 2.2: The Hornsea Three array area with historic data (2010-2012), Markhamõs Triangle rMCZ data (Defra, 2012; third-party survey data) and Hornsea Three site specific (2016-2017) data. 
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Table 2.1: Summary of the benthic subtidal and intertidal surveys undertaken within the Hornsea Three benthic ecology study area. 

Survey Date of survey 
Combined benthic grab sampling and DDV 

stations 
Epibenthic beam trawls 

Sampling stations within the Hornsea Three 

benthic ecology study area 

Historic survey data within the Hornsea Three benthic ecology study area (collected 2010 to 2012) 

ZoC benthic sampling survey November 2010 122 stations 40 stations 27 grab/DDV stations and 9 epibenthic trawls 

Hornsea Project One benthic sampling survey 
July, September, November 2010 and June, October 
2011 

161 stations (40 sampled for sediment chemistry) 41 stations - 

Hornsea Project Two benthic infill survey July 2012 51 stations (8 sampled for sediment chemistry) 21 stations - 

Markhamôs Triangle rMCZ survey a April and May 2012 (published in 2014) 21 stations, and 29 stations for grab sampling only - 14 grab stations 

Site specific surveys of the Hornsea Three benthic ecology study area (collected 2016-2017) 

Hornsea Three array area geophysical survey ground-
truthing campaign 

May and June 2016 
20 stations (sampled for PSA and infauna); 
geophysical data (side scan sonar and bathymetry) 

- 20 grab stations; coverage of geophysical data 

Hornsea Three offshore cable corridor geophysical 
and benthic sampling survey 

September and October 2016 
20 stations, 10 of which comprised 50 m DDV 
transects (19 sampled for PSA and for infauna); 
geophysical data (side scan sonar and bathymetry) 

- 19 grab stations; coverage of geophysical data 

Hornsea Three intertidal survey August 2016 - - No sampling undertaken; walkover survey 

Hornsea Three benthic sampling survey - beyond 
60 nm 

May 2017 
6 stations, 3 of which were also sampled for sediment 
chemistry, and 10 additional stations for DDV only 

- 16 grab and DDV stations 

Hornsea Three benthic sampling survey - within 60 nm August 2017 
14 stations plus 15 stations for DDV only, 5 stations 
for sediment chemistry only, 5 beam trawls  

5 stations 
29 grab and/or DDV stations, 5 sediment chemistry 
locations, 5 epibenthic trawls 

Inshore geophysical and DDV survey October 2017 
9 DDV transects; geophysical data (side scan sonar, 
bathymetry and sub-bottom profiler) 

 9 DDV stations; geophysical data 

a PSA data from the Markhamôs Triangle rMCZ designation survey has been obtained for the purposes of characterising the Hornsea Three array area. This 2012 survey was undertaken by Cefas (Defra, 2014) and has no connection with the Hornsea Three development. 
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2.4.3 Site specific surveys of the Hornsea Three benthic ecology study area 

2.4.3.1 In addition to the existing benthic datasets for the former Hornsea Zone described in section 2.4.2, a 

number of site specific surveys were undertaken across the Hornsea Three benthic ecology study area in 

2016 and 2017 (see Figure 2.2, Figure 2.3 and Table 2.1): 

¶ Hornsea Three array area geophysical survey ground-truthing campaign in 2016: 20 sample 

locations (see section 4.1.4 for the results);   

¶ Hornsea Three offshore cable corridor benthic grab/DDV survey in 2016: 20 sample locations (see 

section 4.1.2 for the results and specifically paragraph 4.1.4.33 for interpretation of the 50 m 

transects);  

¶ Intertidal walkover survey in 2016 (see paragraphs 4.1.4.89 to 4.1.4.96 for the results). 

¶ Hornsea Three array area and Hornsea Three offshore cable corridor benthic sampling survey in 

2017 beyond 60 nm: 16 sample locations (see paragraphs 2.4.3.12 to 2.4.3.13); 

¶ Hornsea Three offshore cable corridor benthic sampling survey in 2017 within 60 nm: 39 sample 

locations (see paragraphs 2.4.3.8 to 2.4.3.11); and 

¶ Inshore DDV survey in 2017: 9 sample locations (see paragraphs 2.4.3.14). 

 Hornsea Three array area benthic grab survey, 2016 

2.4.3.2 A total of 20 benthic grab samples were collected within the Hornsea Three array area as part of the 

Hornsea Three array area geophysical survey in June 2016. The locations of the grab samples were 

selected to target (for ground-truthing) the range of sediment types recorded across the Hornsea Three 

array area (see Figure 2.2). At each of the 20 locations, a single 0.1 m2 grab sample was collected using 

a mini-Hamon grab for macrofaunal analysis (identification, enumeration and biomass) and a sub sample 

of the sediment retained for PSA according to the methodologies described in paragraphs 2.5.1.2 and 

2.5.1.3. 

2.4.3.3 Sediment samples were analysed according to the methods outlined in section 2.5 by the Institute of 

Estuarine and Coastal Studies (IECS) laboratory, which participates in the National Marine Biological 

Analytical Quality Control (NMBAQC) scheme. 

 Hornsea Three offshore cable corridor benthic grab/DDV survey, 2016 

2.4.3.4 The survey comprised camera ground-truthing and benthic sampling at 20 stations along the Hornsea 

Three offshore cable corridor. The sample locations were chosen to ground-truth geophysical data 

acquired during a site specific geophysical survey which had recently been undertaken in the Hornsea 

Three offshore cable corridor for the Hornsea Three project. 

2.4.3.5 A minimum of 10 seconds of live seabed grab camera footage was taken at each station to ensure that 

no potential Annex I habitats (such as S. spinulosa reefs) were present prior to seabed contact by the 

grab sampler. If a potential Annex I habitat was identified in the feed from the grab mounted camera, no 

grab sample was taken. Grab sampling was not undertaken at one station as potential S. spinulosa reef 

was observed in the grab-mounted live camera footage (for the results see paragraphs 4.1.4.97 to 

4.1.4.105). DDV transects comprised at least 20 high resolution digital photographs, accompanied by at 

least ten minutes of video footage. At each of the 19 successfully grabbed locations, a single 0.1 m2 grab 

sample was collected using a mini-Hamon grab for macrofaunal analysis at the IECS laboratory as 

described in section 2.5.1.4. A sub sample of the sediment was retained for PSA according to the 

methodologies described in paragraphs 2.5.1.2 and 2.5.1.3, which were subsequently analysed for 

particle size distribution at the IECS laboratory, as described in paragraphs 2.4.3.3. 

 Hornsea Three intertidal survey, 2016 

2.4.3.6 TA Phase 1 intertidal walkover survey was undertaken at the proposed Hornsea Three intertidal area (see 

Figure 2.3) 20 August 2016, following guidance set out in the JNCC Marine Monitoring Handbook (Davies 

et al., 2001; i.e. Procedural Guideline No. 3-1 In situ intertidal biotope recording) and in the Handbook for 

Marine Intertidal Phase I Biotope Mapping Survey (Wyn et al., 2006). The survey was undertaken by an 

experienced marine ecologist from RPS, timed to coincide with spring tides and was undertaken two hours 

either side of low water to ensure that as much of the intertidal zone as possible was surveyed (see 

paragraphs 4.1.4.89 to 4.1.4.96). 

2.4.3.7 During the intertidal survey, notes were made on the shore type, wave exposure, sediments/substrates 

present, descriptions of species/biotopes present and the spatial relationships between these. All biotopes 

present were identified and their extents mapped with the aid of aerial photography and using a hand held 

Geographical Positioning System (GPS) recorder. Biotopes extending over an area of less than 25 m2 

were not mapped but instead were labelled on the biotope map as target notes. Additional pre-survey 

determined waypoints were designated as dig-over sites, at which two 0.1 m2 samples were taken to a 

depth of approximately 15 cm and the sediment sieved on site using a 1 mm mesh. The sediment type 

and dominant infauna visible to the naked eye were recorded. Additional dig-over sites were added during 

the survey, where appropriate, to further characterise a biotope. 
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Figure 2.3: The Hornsea Three offshore cable corridor with site specific sampling collected in 2016 and 2017. 
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 Hornsea Three offshore cable corridor benthic sampling survey within 60 nm, 2017 

2.4.3.8 The sampling strategy was informed by a data gap analysis and detailed interpretation of the geophysical 

data acquired along the Hornsea Three offshore cable corridor in 2016. The survey strategy was 

discussed and agreed with the Marine Processes, Benthic Ecology and Fish and Shellfish Ecology EWG. 

2.4.3.9 The purpose of this survey was to characterise the Hornsea Three offshore cable corridor, by addressing 

several objectives, these included the following: 

¶ Provide further data coverage within representative sediment types in areas of the Hornsea Three 

offshore cable corridor with lower data coverage or certainty, including the area to the northwest of 

the North Norfolk Sandbanks and Saturn Reef SAC boundary and the inshore section of the Hornsea 

Three offshore cable corridor to the west of the Cromer Shoal Chalk Beds MCZ;  

¶ Confirm the presence/absence of historic and potential reef habitats within and outside the 

boundaries of the North Norfolk Sandbanks and Saturn Reef SAC including rocky reefs and biogenic 

reefs formed by the Ross worm, Sabellaria spinulosa; 

¶ Provide data on sediment chemistry at selected locations; 

¶ Confirm the presence/absence of subtidal chalk and/or clay habitat within the Cromer Shoal Chalk 

Bed MCZ; and 

¶ Undertake an epibenthic beam trawl survey. 

2.4.3.10 Seabed grab camera footage was taken at each station to ensure that no potential Annex I habitats (such 

as S. spinulosa reefs) were present prior to seabed contact by the grab sampler. If a potential Annex I 

habitat was identified in the feed from the grab mounted camera, no grab sample was taken. During the 

DDV survey, a minimum of five high-quality images were taken at each DDV station along with five minutes 

of video, where possible. A limited amount of grab sampling was performed within the Cromer Shoal Chalk 

Beds MCZ and the North Norfolk Sandbanks and Saturn Reef SAC. Along the Hornsea Three offshore 

cable corridor a 0.1 m2 mini-Hamon grab was used to sample benthic fauna at 13 stations and a stainless 

steel 0.1 m2 Day grab was used to take sediment chemistry samples at five locations where fines content 

was expected to exceed 5% of the sediment composition. 

2.4.3.11 Faunal samples were analysed at the Ocean Ecology laboratory as described in paragraph 2.5.1.4 and a 

sub sample of the sediment was retained for PSA according to the methodologies described in paragraphs 

2.5.1.2 and 2.5.1.3, which were subsequently analysed by Ocean Ecology for particle size distribution. 

The sediment chemistry samples were analysed for organic carbon, metals, hydrocarbons and organotins, 

as described in paragraph 2.5.1.6. Beam trawls were performed over distances of approximately 500 m 

at five locations along the Hornsea Three offshore cable corridor to sample the epibenthic communities, 

as described in paragraphs 2.5.1.11 to 2.5.1.13. 

 Hornsea Three array and Hornsea Three offshore cable corridor benthic sampling survey beyond 

60 nm, 2017 

2.4.3.12 As described in paragraph 2.4.3.8 the scope of this survey was to characterise the Hornsea Three array 

area and furthest offshore section of the Hornsea Three offshore cable corridor. The strategy was informed 

by a data gap analysis and detailed interpretation of the geophysical data acquired along the Hornsea 

Three offshore cable corridor in 2016. The survey strategy was discussed and agreed with the Marine 

Processes, Benthic Ecology and Fish and Shellfish Ecology EWG. 

2.4.3.13 Sampling was undertaken with a 0.1 m2 mini Hamon grab to provide further data coverage within 

representative sediment types in areas with lower data coverage or certainty, including three locations at 

Markham's Hole in the Hornsea Three array area and three locations in the cable fan at the northern end 

of the Hornsea Three offshore cable corridor. Single samples were acquired at each station and 

subsequently analysed for fauna; a sub sample was also taken from each grab for PSA. A second grab 

sample was collected at the three stations in the Hornsea Three offshore cable corridor fan which were 

then analysed for sediment chemistry as described in section 2.6.1. DDV was acquired at 10 geotechnical 

investigation locations prior to geotechnical operations, to ensure sensitive habitats were not damaged. 

The DDV data was subsequently analysed for epibenthic fauna and seabed habitats as described in 

paragraph 2.5.1.8 et seq. 

 Inshore geophysical and DDV survey, 2017 

2.4.3.14 High resolution geophysical data were acquired along the section of the Hornsea Three offshore cable 

corridor that coincides with the inshore section of the offshore cable corridor, including the Wash and 

North Norfolk Coast SAC and Cromer Shoal Chalk Beds MCZ. Once the geophysical data had been 

analysed, a DDV survey was undertaken to ground truth different seabed features, including sand ripples 

and areas of gravel, but with a particular focus on areas where geophysical data was interpreted as being 

potential subcropping and outcropping bedrock that might represent chalk or clay exposures. A total of 9 

DDV transects were performed across these potential outcrops and analysed by Fugro GB Marine Limited. 
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2.5 Site specific Sample collection and analysis 

2.5.1.1 The following section describes the methods of sample collection and analysis common to both the historic 

and site specific benthic ecology surveys. Note that all raw and derived data and associated analyses are 

available as appendices on request. 

 Benthic grab sampling 

2.5.1.2 The benthic grab surveys were designed based upon guidance provided by óProcedural Guideline No, 3-

9 ï Quantitative sampling of sublittoral sediment biotopes and species using remote operated grabsô 

included in the JNCC Marine Monitoring Handbook (Davies et al., 2001) and by the Cefas óGuidelines for 

the Conduct of Benthic Studies at Marine Aggregate Extraction Sitesô (Ware and Kenny, 2011). In 

locations where grab sampling was undertaken, a single 0.1 m2 grab sample was collected using a mini-

Hamon grab for macrofaunal analysis and a sub sample of the sediment removed for characterisation of 

the physical nature of the substrate (PSA). Upon retrieval of the grab sample on board the vessel, the 

sediment within the grab bucket was viewed to assess whether the sample was acceptable (i.e. had not 

been subject to partial washout during retrieval, had sealed correctly against the sealing plate, and was 

of sufficient volume relating to depth of bite). After collection, the samples were appropriately preserved 

and analysed using laboratory facilities for physical and biological properties. The parameters measured 

included: 

¶ PSA (analysed in ZoC, Hornsea Project One, Hornsea Project Two (342 samples combined), 

Hornsea Three array (23 samples) and Hornsea Three offshore cable corridor surveys (35 samples), 

plus PSA data from the third-party Markham's Triangle MCZ survey (50 samples)); 

¶ Benthic infauna and epifauna analysis including identification, enumeration and biomass (analysed 

in ZoC, Hornsea Project One, Hornsea Project Two (342 samples combined), Hornsea Three array 

(23 samples) and Hornsea Three offshore cable corridor surveys (35 samples), plus fauna data from 

the third-party Markhamôs Triangle MCZ survey (50 samples)); and 

¶ Sediment chemical analysis (ZoC, Hornsea Project One, Hornsea Project Two and Hornsea Three 

surveys (56 samples combined)). 

 Particle size analysis 

2.5.1.3 Sediment samples were analysed for particle size distribution at a United Kingdom Accreditation Service 

(UKAS) accredited laboratory. Representative sub-samples of each sediment sample were oven dried to 

a constant weight and sieved through a series of mesh apertures over the range 64 mm to 63 µm 

(0.063 mm) on the Wentworth scale. The weight of the sediment fraction retained on each mesh was 

measured and recorded. This method was in accordance with BS 1377 (Part 2: 9.2/9.4) and Cefas 

guidance (Ware and Kenny, 2011). Laser diffraction techniques were also used for samples where 

sediments of less than 63 µm accounted for more than 5% by weight of the sample. 

 Benthic infauna analysis 

2.5.1.4 Sediment samples for benthic infauna analysis were processed through a 1 mm sieve and the retained 

material transferred to an appropriate container and preserved immediately in 4% buffered saline formalin 

solution. The samples were analysed at a benthic laboratory which participates in the NMBAQC scheme 

for identification (to species level), enumeration and biomass determination. Biomass of the infaunal 

component was recorded in grams (g) AFDW (weight to 0.0001 g) derived from the blotted wet weights 

using published conversion factors (Eleftheriou and Basford, 1989). The retained infauna was separated 

into the following phyla: Polychaeta; Crustacea; Echinodermata; Mollusca; and others. 

2.5.1.5 The epifaunal component of each sample was analysed separately with identification to species level. 

Where possible each component was enumerated and presented as discrete counts or in the case of 

colonies, recorded as present and given a P (present) value. 

 Sediment chemistry analysis 

2.5.1.6 Samples for sediment chemistry analysis were collected using a stainless steel Shipek or Day grab. A 

total of 56 locations within the Hornsea Three benthic ecology study area have been sampled for sediment 

chemistry (Table 2.1). These samples were frozen following collection and transferred to a specialist 

UKAS accredited chemistry laboratory for testing. The samples were analysed for the following 

determinands: 

¶ Metals: arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc; 

¶ Hydrocarbons (total petroleum hydrocarbons (TPH)); 

¶ Polyaromatic hydrocarbons (PAHs) (United States (US) Environmental Protection Agency (EPA) 16 

and 2-6 ring analysis); and 

¶ Organotins (dibutyltin (DBT), tributyltin (TBT) and triphenyltin (TPT)). 

2.5.1.7 Hornsea Project Two samples taken in the Hornsea Three array area during historic benthic surveys were 

also analysed for total organic carbon (TOC) and those sample during Hornsea Project One and Hornsea 

ZoC surveys were analysed for organochlorine pesticides. 
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 Drop down video (DDV) survey 

2.5.1.8 DDV deployments were undertaken during the ZoC, Hornsea Project One, Hornsea Project Two and 

Hornsea Three site specific surveys.  

2.5.1.9 The DDV surveys were undertaken using a digital stills colour camera and video camera mounted to a 

DDV frame. At each sampling location, a minimum of five minutes of video footage and a minimum of five 

seabed still images were obtained. Video images were digitally overlaid with dGPS positions and recorded 

in a digital format to 5 Mega Bytes (MB) or better. The DDV footage was reviewed in real time during the 

surveys by a suitably qualified marine ecologist fully trained and experienced in Annex I reef assessment 

and following the appropriate JNCC guidance notes (Gubbay, 2007; Irving, 2009; Limpenny et al., 2010). 

If following on-board review of the DDV footage, a potential reef habitat was confirmed at a location, 

sampling was limited to DDV only, rather than a combination of benthic grab sampling and DDV. A log of 

each DDV sample position, time, sample type, water depth, habitat features and species observed was 

made to assist with the data analysis (appendix available on request). 

2.5.1.10 Following each survey the video records and/or photographic stills were reviewed and analysed in more 

detail by marine ecologists. Static images were analysed to identify conspicuous fauna within the images 

from each transect. The second stage of the analysis was carried out by reviewing video footage from 

each transect where available, identifying conspicuous species. The resulting data (from video footage 

and static image analysis) were merged. The quality control (QC) procedure was carried out on 10% of 

the still images; in addition, problematic issues/species identification where discussed between senior 

ecologists experienced in this type of analysis. Both analysis and data QC checks were carried out by 

ecologists experienced in this type of analysis. Species were identified and their abundance or percentage 

cover quantified estimated using the Superabundant, Abundant, Common, Frequent, Occasional or Rare 

(SACFOR) scale. This scale is based on that devised by the JNCC (Connor and Hiscock, 1996) and uses 

the average species size to classify the population. Sample pictures of species recorded during the DDV 

analysis are presented in Figure 2.4 (an appendix showing digital stills indicative of each sampling location 

is available on request). 

 

 

Figure 2.4: Species recorded during previous DDV surveys across the Hornsea Three benthic ecology study area included the 
echinoderm Asterias rubens (left) and dead man's fingers Alcyonium digitatum (right). 

 

 Epibenthic beam trawl survey 

2.5.1.11 Epibenthic sampling was undertaken during the ZoC, Hornsea Project One and Hornsea Project Two 

surveys. A standard 2 m scientific beam trawl (Lowestoft design) fitted with a knotless 5 mm cod end liner 

was used to collect information on epibenthic invertebrate species, as well as small demersal and juvenile 

fish to supplement the data collected by grab (predominantly infaunal species focused) and DDV 

sampling. Data from a total of 107 trawls across the Hornsea Three benthic ecology study area were 

available and have been drawn upon for the benthic subtidal characterisation of the Hornsea Three array 

area.  

2.5.1.12 The length of the tow was established at approximately 500 m (five to ten minutes duration), although the 

exact actual length of the tow was determined by ground conditions, with a tolerance of plus or minus 300 

m being accepted. The trawl tow speed was approximately 1.5 knots. Proposed trawl locations were 

selected to provide a representative sample of each of the previously identified broadscale sediment types 

identified from the geophysical data to characterise the epifaunal communities. As with benthic sampling, 

trawl sites were informed by the outputs of the geophysical survey, to reduce the likelihood of damaging 

any reef habitats. Full epibenthic beam trawl logs, including timings, trawl depths and locations are 

available as an appendix on request. 

2.5.1.13 Once recovered to the deck, the catch was sorted over a 5 mm mesh and all species from each trawl were 

identified using appropriate keys. The entire catch was then enumerated and measured on a species-by-

species basis. Colonial species were recorded as present and, for the most abundant species which 

included the soft coral Alcyonium digitatum and the bryozoans Flustra foliacea and Alcyonidium 

diaphanum, the total weight of each species for the trawl recorded in grams. 
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2.6 Data handling and analysis 

2.6.1 Sediment chemistry analysis 

2.6.1.1 There are currently no UK Environmental Quality Standards (EQSs) for in situ sediments. In the absence 

of any standards an initial assessment of whether organisms are at risk from concentrations of toxic 

contaminants can be undertaken by comparing data with the Cefas Guideline Action Levels for the 

disposal of dredged material and, where appropriate, with the Canadian Sediment Quality Guidelines 

(CSQG). 

2.6.1.2 The Cefas Guideline Action Levels for the disposal of dredged material are not statutory contaminant 

standards for dredged material but are used as part of a weight of evidence approach to decision-making 

on the disposal of dredged material to sea. Although these guidelines relate to the disposal of dredged 

material, their primary purpose is to ascertain whether contaminated sediments will result in adverse 

impacts on the marine environment. Sediments with contamination levels below Cefas Action Level 1 

(AL1) would be unlikely to be refused a sea disposal licence on the grounds of contamination. Materials 

with contamination levels above Cefas Action Level 2 (AL2) are likely to be deemed unacceptable for sea 

disposal. The Cefas ALs are also used as a screening trigger for the assessment of marine dredging 

activities under the Water Framework Directive (see Annex 2.2: Water Framework Directive Assessment). 

2.6.1.3 The CSQG were developed by the Canadian Council of Ministers of the Environment as broadly protective 

tools to support the functioning of healthy aquatic ecosystems (CCME, 2001). They are based on field 

research programmes that have demonstrated associations between chemicals and biological effects by 

establishing cause and effect relationships in particular organisms. The CSQG consist of Threshold Effect 

Levels (TELs) and Probable Effect Levels (PELs): values below the TEL are within the minimal effect 

range within which adverse effects rarely occur; values above the PEL are within the probable effect range 

within which adverse effects frequently occur; and values between the TEL and PEL fall within the possible 

effect range where adverse effects occasionally occur. 

2.6.1.4 Observed PAHs were also compared to the óeffect range ï lowô (ERL) values (where available), as 

determined by the US National Oceanographic and Atmospheric Administration (NOAA). The ERL for 

each contaminant represents the lower tenth percentile of a dataset on a continuum of concentrations in 

sediment, broadly reflecting sediment toxicity (OôConner, 2004).  

2.6.1.5 The results of the sediment chemistry sampling undertaken for Hornsea Project One, Hornsea Project 

Two and Hornsea Three, including comparison against relevant thresholds and guidelines, have been 

presented within this Technical Report (see section 4.1.3). 

2.6.2 Benthic infaunal and epifaunal biotope mapping 

2.6.2.1 To characterise the Hornsea Three benthic ecology study area, as defined in section 2.1, the data 

collected during the site specific Hornsea Three benthic surveys (i.e. the infaunal data from the 23 grab 

samples at the Hornsea Three array area and 35 grab samples along the Hornsea Three offshore cable 

corridor; see section 2.4.3), were combined with all existing benthic data for the Hornsea Three benthic 

ecology study area (i.e. Hornsea ZoC, Hornsea Project One and Hornsea Project Two surveys) and 

treated as a single dataset, to update the benthic subtidal biotope map for the Hornsea Three benthic 

ecology study area. DDV data were acquired during 2017 site specific surveys at the Hornsea Three array 

area and Hornsea Three offshore cable corridor, therefore the epibenthic biotope map draws on 

quantitative DDV data, supported by qualitative DDV data acquired during the 2016 Hornsea Three site 

specific survey. Five site specific epibenthic beam trawls were also taken along the Hornsea Three 

offshore cable corridor and subsequently analysed, from which the data contributed to the epibenthic 

biotope maps shown in section 4.1.4. 

2.6.2.2 As discussed in paragraph 2.4.2.4, the infaunal dataset from Markhamôs Triangle has been incorporated 

into the main dataset for the Hornsea Three benthic ecology study area discussed above. However, this 

data has not been included in multivariate analyses for the Hornsea Three benthic ecology study area and 

therefore has not directly informed the infauna biotope map. A basic analysis has been undertaken on 

Markhamôs Triangle data, together with all site specific infaunal data, to establish how the datasets 

compare and ultimately determine whether the Markhamôs Triangle dataset supports the characterisation 

of the Hornsea Three array area, in the context of the assigned biotopes. This analysis has been reported 

as a discrete section within the results; see paragraph 4.1.4.26 et seq. 

2.6.2.3 To assign biotopes to the benthic infauna (from grab sampling) and epibenthic (from DDV sampling) 

datasets the results of the combined PSA data were initially simplified, using a simplified Folk 

Classification, into one of four sediment categories (see Figure 2.5) according to published guidelines 

(Long, 2006). The approach used is consistent with those used during the UKSeaMap and MESH projects 

(Long, 2006) and follows advice previously provided by the Marine and Fisheries Agency (now MMO) on 

biotope mapping for other offshore wind farm projects. 

2.6.2.4 These sediment/substrate classifications were then assigned as factors to both infaunal and epifaunal 

datasets and used as a basis for the statistical analyses (i.e. separate cluster analyses were conducted 

on each simplified folk classification (see 2.6.2.7)). This also assisted in reducing the size of the dataset 

in each analysis as many of the statistical tests outlined below could not readily be performed on the single 

combined dataset due to its size (450 sites). The benthic infaunal dataset was square root transformed to 

down-weight the species with the highest abundances for multivariate community analysis using the 

PRIMER v6 software (Clark and Gorley, 2008). 
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Figure 2.5: Simplified Folk Sediment classifications (from Long, 2006). 

 

2.6.2.5 The epifaunal data from the DDV analysis and the epifaunal data from the grab samples were combined 

into a single epifaunal dataset. The epibenthic beam trawl dataset was analysed separately (see 

paragraph 2.6.2.11) from the DDV and grab epifaunal data, but the results were used to inform the final 

epibenthic biotope classifications (see paragraph 2.6.2.13). Since the species abundances from DDV 

footage (i.e. the epifauna dataset) were estimated and averaged for each station using the SACFOR scale, 

these abundances were converted to a 1 to 6 scale, so that rare abundances scored 1, occasional scored 

2, frequent scored 3, etc. The epifaunal species recorded in the grab samples were typically recorded in 

very low abundances and as such were classified as present and assigned a nominal abundance of 0.1 

for the purposes of the multivariate analyses. 

2.6.2.6 Newly settled juveniles of benthic species may at times dominate the macrofauna, but due to heavy natural 

post-settlement mortality, they should be considered an ephemeral component and not representative of 

prevailing bottom conditions (OSPAR Commission, 2004). Subsequent analysis was, therefore, 

undertaken on epifaunal data that excluded juveniles. 

2.6.2.7 The benthic infaunal and epifaunal datasets were each analysed separately, although the statistical 

analyses conducted on each dataset were identical. The next step in assigning benthic infaunal and 

epifaunal biotopes was to analyse the macroinvertebrate community structure to determine the relative 

similarities between sites. Benthic infaunal and epifaunal community structure was investigated using 

CLUSTER analysis (hierarchical agglomerative clustering) in the PRIMER 6 statistical analysis program 

(Clarke and Gorley, 2003). This uses the Bray Curtis similarity coefficient to assess the similarity of sites 

based on the faunal components. The procedure produces a dendrogram indicating the relationships 

between sites based on the similarity matrix and uses a Similarity Profile (SIMPROF) test (at a 5% 

significance level) to test whether the differences between the clusters are significant. For the infaunal 

community cluster analysis, 31 clusters were identified for coarse sediments, 17 clusters for mixed 

sediments and 34 clusters were identified for sand and muddy sand sediments. For the epifaunal analysis 

(DDV data and epifaunal component of grab samples), 20 clusters were identified for coarse sediment, 

15 for sand and muddy sand sediments and 9 for mixed sediments. 

2.6.2.8 Similarity Percentages (SIMPER) analyses were subsequently undertaken on these datasets to identify 

which species best explained the similarity within groups and the dissimilarity between groups identified 

in the cluster analysis. The similarity matrix was also used to produce a multi-dimensional scaling (MDS) 

ordination plot which shows, on a two or three-dimensional representation, the relatedness of the 

communities (at each site) to one another. Full methods for the application of both the hierarchical 

clustering and the MDS analysis are given in Clarke and Warwick (2001). 
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2.6.2.9 The results of the cluster analyses and associated SIMPER were reviewed alongside the raw, 

untransformed data to assign preliminary biotopes (Connor et al., 2004). Using the clusters identified, 

several sites within a cluster were assigned to a single biotope based on relatedness and 

presence/absence of key indicator species for a particular biotope. The preliminary biotopes were plotted 

using GIS and the biotopes assigned to each site then reviewed while referring to the geophysical data 

collected for the Hornsea Three benthic ecology study area. Biotope codes were also reviewed according 

to those biotopes surrounding each sampling location and where necessary biotopes at certain sites were 

reassigned. Following this review, biotopes were re-plotted to produce biotope maps. 

2.6.2.10 The benthic infaunal and epifaunal biotope extents and boundaries were mapped using the outputs of the 

geophysical surveys for the Hornsea Three, Hornsea Project One and Hornsea Project Two benthic 

ecology study areas (i.e. seabed topography and sediment types identified by multibeam bathymetry and 

side scan sonar; see Figure 2.6). Where two biotopes were present on the same sediment type, without 

a clear boundary from the aforementioned data sources, either a mosaic biotope was described or buffer 

zones were created between sites to create boundaries between the biotopes. It is therefore important to 

recognise that there is a degree of interpolation between sampling point data and the resulting biotopes 

mapped. Note that Figure 2.6 shows data from different survey contractors, therefore the interpretation of 

sediment types is slightly different between datasets. While the different datasets are not exactly aligned, 

the combined geophysical dataset (together with benthic sampling data) is considered suitable for 

mapping of biotopes.  

2.6.2.11 Epibenthic trawl data were also analysed using hierarchical agglomerative clustering to identify similarities 

and dissimilarities between trawl sites. Prior to analysis, the data, which was a matrix of discrete counts 

and weights of encrusting/colonial species was modified such that those species recorded as weights 

were classified as present and given a nominal score of 0.1 for the purposes of the analyses. In addition, 

the fish species recorded during the epibenthic trawls were removed from the dataset. as it was deemed 

that these species were present in such high numbers that they would dominate the dataset and obscure 

the patterns in the benthic epifauna. It is important to note however, that the results of the cluster analysis 

were not reviewed in isolation when assigning the final biotope codes, the biomass data associated with 

the encrusting/colonial species, and the complete raw dataset, including fish species present were taken 

into account. 

2.6.2.12 The data were then standardised by total abundance per sample across all variables (species). This was 

necessary to ensure that the samples were comparable as it was not possible to ensure the sampling 

effort was consistent across all samples. Prior to generating a Bray Curtis similarity matrix, the data were 

fourth root transformed, to down weight the contributions of quantitatively dominant species (e.g. over 

1,000 individuals of certain species such as common brittlestar Ophiothrix fragilis) and to allow the 

assessment of similarity to incorporate less abundant species (i.e. focus on species assembly rather than 

the key dominating species). The matrix was used to conduct a cluster analysis using the SIMPROF test, 

to test whether the dissimilarities between groups were significant. As with the infaunal (grab) and 

epifaunal (DDV) datasets, a SIMPER analysis was conducted to identify which species best explained the 

similarity within and dissimilarity between the groups. The results of these analyses were also used to 

assign preliminary biotopes to each of the epibenthic trawls. 

2.6.2.13 Following assignment of biotope codes to benthic grab, DDV and epibenthic trawl sample sites and 

associated mapping (using the methods outlined above in paragraph 2.6.2.12), the infaunal and epifaunal 

datasets were combined to produce a final, holistic biotope map of the Hornsea Three benthic ecology 

study area. This was achieved by identifying the characteristic species in each of the draft biotopes and, 

where (infaunal/epifaunal) datasets overlap, these characteristic species were compared to identify 

possible overlap between the communities. Where possible, the datasets were consolidated into one 

biotope code or a biotope mosaic which appropriately describes the infaunal and epifaunal communities 

present at each site, while also taking into account other environmental variables (e.g. depth, sediment 

type etc.). These biotope mosaics were usually in the form of an infaunal biotope with an overlaying 

epifaunal biotope.  

2.6.2.14 As the most standardised dataset with the most quantitative data, the grab data was the starting point for 

this process, (i.e. grab data was prioritised and DDV/trawl data used to identify the subtle differences 

between the epifaunal communities). Where two distinct epibenthic biotopes overlap a single infaunal 

biotope, this difference in the epifaunal communities was appropriately represented in the final biotope 

code and resultant biotope map. 

2.6.2.15 The biotope coding has used the Marine Habitat Classification for Britain and Ireland (Connor et al., 2004). 

These biotope classifications are directly comparable to those described by the EUNIS classification, 

which has been used to describe some of the desktop data (e.g. the Humber REC data). To ensure the 

historical and characterisation biotopes can be compared, both codes are presented in the biotope 

summary tables (Table 4.2, Table 4.3 and Table 4.4) within section 4.1.4. 
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Figure 2.6: Geophysical survey seabed interpretation for the Hornsea Three benthic ecology study area.  
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 Nearshore biotope mapping 

2.6.2.16 Biotope mapping in the nearshore part of the Hornsea Three offshore cable corridor was completed using 

a combination of desktop information and Hornsea Three site-specific survey data to ensure a holistic 

characterisation of the entire nearshore area. As outlined above, Hornsea Three data (including DDV, 

benthic grab and geophysical datasets) were analysed and used to identify and map biotopes across the 

project area, including the nearshore part of the Hornsea Three offshore cable corridor. As detailed in 

section 2.3 above, a number of desktop data sources from the nearshore area were reviewed to inform 

the nearshore benthic ecology characterisation. This included information from the Sheringham Shoal and 

Dudgeon offshore wind farm cable corridors, data from the Cromer Shoal Chalk Beds MCZ and the Wash 

and North Norfolk Coast SAC, as well as data from Marine Recorder. These sources were reviewed and 

where grab sample data were analysed to describe sediments and infaunal community composition, 

including categorisation of communities into biotopes, these biotope classifications were used to inform 

the nearshore baseline characterisation. Data points from these desktop reports were mapped using GIS 

software and the Hornsea Three biotope mapping was extended to cover the entire nearshore area, 

merging adjacent sampling points of the same biotope classification to extend over a wider area. 

Boundaries between biotopes were drawn using bathymetry and other geophysical data (i.e. site-specific 

data and desktop sources) and broadscale habitat mapping from the aforementioned data sources (e.g. 

Defra, 2015 within the Cromer Shoal Chalk Beds MCZ).  

2.6.2.17 The results of these desktop data sources, including descriptions of the biotopes identified, are presented 

in paragraph 3.1.3.2 et seq. Detailed description of the Hornsea Three site-specific data, including data 

analysis and biotope mapping is presented in section 4.1, with a holistic discussion of the nearshore 

desktop and site-specific datasets, presented in paragraph 4.1.4.83 et seq.  

2.6.3 Univariate statistical analysis 

2.6.3.1 As well as utilising the raw species data to characterise the benthic communities present within the 

Hornsea Three benthic ecology study area, a number of indices were also calculated. These included: 

Margalefôs Index of Richness (d); Pielouôs Evenness index (Jô); the Shannon-Wiener Diversity index (Hô); 

and Simpsonôs index of Dominance (lambda) (Clarke and Warwick, 2001). Such indices are useful in 

reducing large faunal datasets to a single figure, which may be used in comparison to other sites in 

assessing community structure. These indices were calculated for each biotope to allow for comparisons 

to be made between the biotopes identified. This was done by calculating the diversity indices for each 

site, then calculating the mean (± standard deviation) for each biotope. The epibenthic trawl data were 

standardised by total abundance per sample across all variables (species) prior to calculating the 

univariate indices. Since Margalefôs Index of Richness (d) is dependent on the total number of individuals 

(which was standardised) this index was not calculated for the epibenthic trawl dataset. As discussed 

previously in paragraph 2.6.2.11, weights of colonial/encrusting species were assigned a nominal score 

for the purposes of the analyses. 

2.6.3.2 Comparisons were also made between numbers of species (S), total abundance (N) and biomass (B) for 

the main faunal groups. For the benthic infaunal dataset these were divided into Annelida, Crustacea, 

Echinodermata, Mollusca and others (includes all other faunal groups (e.g. Tunicata, Cnidaria, Bryozoa) 

while for the epibenthic trawl dataset the main faunal groups were Crustacea, Echinodermata, Mollusca, 

Pisces and others (e.g. Cnidaria, Annelida and Bryozoa). This univariate analysis provides further detail 

on the composition of the benthic infaunal and epifaunal biotopes present in the Hornsea Three benthic 

ecology study area. 

2.6.4 Annex I habitat reef assessment 

2.6.4.1 An Annex I habitat assessment was undertaken on any sampling locations where potential biogenic and/or 

geogenic reef habitats were identified within the Hornsea Three array area and Hornsea Three offshore 

cable corridor (see Figure 3.5). These habitats were identified firstly from the geophysical data and then 

from other data sources including video records and seabed stills (data available on request). An S. 

spinulosa reef assessment was required at five sites (sites ECR02, ECR04, 26_CPT_ECR, ECR37 and 

ECR38; Figure 3.5) and a stony reef assessment was performed at five sites (ECR24, ECR35, ECR36, 

ECR38 and ECR39) during the Hornsea Three offshore cable corridor 2016 and 2017 site specific 

surveys. The reef assessments at these sites was undertaken with reference to the relevant guidance 

with details of the assessment criteria outlined below. 

 Sabellaria spinulosa reefs 

2.6.4.2 Where S. spinulosa was observed in the DDV footage of the Hornsea Three benthic ecology study area, 

a reefiness assessment, with reference to relevant guidance documents (i.e. Jenkins et al., 2015; Gubbay, 

2007; Limpenny et al., 2010), was undertaken to determine whether or not a potential S. spinulosa reef 

was present. To ensure that the assessment was transparent it comprised a measure of elevation, 

patchiness, as outlined in Table 2.2. The scoring system proposed by Gubbay (2007) and the óreefinessô 

matrix described in Jenkins et al., 2015 was used to draw together all the information to interpret the 

óreefinessô of S. spinulosa aggregations (Table 2.3). Workshop discussions have suggested that a reef 

should be elevated above the sea floor by at least 2 cm, have an area of at least 25 m2 and have a 

patchiness of no less than 10% (Gubbay, 2007). The parameters summarised in Table 2.2 were 

measured, where possible, using the broad (i.e. geophysical) and fine scale (DDV and grab) survey data 

collated during the surveys.  
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Table 2.2: Summary of the analysis and scoring of S. spinulosa reef characteristics (based on Gubbay, 2007). 

Characteristic Analysis of characteristics 

Elevation 
A rough estimate of the height of the reef from the video footage or photographic stills, and placement within the 
following size categories of >10 cm, 5 to 10 cm, 2 to 5 cm and <2 cm high. This was averaged for the total surveyed 
area, or discrete feature, where possible. 

Patchiness 

Estimated from the video footage as a continuous video if conditions allow, or as a series of camera drops or 
photographic stills along a transect. Where the latter technique was employed, patchiness determined on a site by site 
basis from the following calculation:           

Total percentage of S. spinulosa cover over the whole site     x 100 

                          Total area surveyed 

 

Table 2.3: S. spinulosa reef assessment matrix (based on Gubbay, 2007 and Jenkins et al., 2015). 

ôReefinessõ matrix 

Elevation (cm) 

<2 2 to 5 5 to 10 >10 

Not a reef Low Medium High 

Patchiness  

(% cover) 

<10 Not a reef NOT A REEF NOT A REEF NOT A REEF NOT A REEF 

10 to 20 Low NOT A REEF LOW LOW LOW 

20 to 30 Medium NOT A REEF LOW MEDIUM MEDIUM 

>30 High NOT A REEF LOW MEDIUM HIGH 

 

 Stony reefs 

2.6.4.3 Where coarse stony substrate was observed in the DDV footage of the Hornsea Three benthic ecology 

study area, a stony reef assessment according to the appropriate guidance (Irving, 2009) was undertaken 

to determine if a potential stony reef was present. The assessment comprised of a measure of elevation 

and patchiness, and extent where possible, as outlined in Table 2.4. The scoring system proposed by 

Gubbay (2007) and the óreefinessô matrix described in Jenkins et al., 2015 was used to draw together all 

the information to interpret the óreefinessô of stony features (Table 2.5). The conclusion of the Irving (2009) 

guidance was that a reef should be elevated above flat sea floor, have an area of at least 25 m2 and have 

a composition of no less than 10% coverage of the seabed (Irving, 2009). The parameters summarised in 

Table 2.5 were measured, where possible, using the broad (i.e. geophysical) and fine scale (DDV) survey 

data collated during the surveys. 

 

Table 2.4: Summary of the analysis and scoring of stony reef characteristics (based on Irving, 2009). 

Characteristic Analysis of characteristics 

Elevation 
A rough estimate of the height of the reef from the video footage or photographic stills, and placement within the 
following size categories of flat seabed, <64 mm, <64 mm to 5 m and >5 m high. This was averaged for the total 
surveyed area, or discrete feature, where possible. 

Composition 

Estimated from the video footage as a continuous video if conditions allow, or as a series of camera drops or 
photographic stills along a transect. Where the latter technique was employed, patchiness determined on a site by site 
basis from the following calculation:           

Total percentage of stony cover over the whole site     x 100 

                          Total area surveyed 

Extent An area of 25 m2 or greater is considered the minimum extent a reef should cover. 

 

Table 2.5: Stony reef assessment matrix (based on Irving, 2009 and Jenkins et al., 2015). 

ôReefinessõ matrix 

Elevation (cm) 

Flat seabed <64 mm 64 mm-5 m >5 m 

Not a reef Low Medium High 

Composition 

(% cover) 

<10% Not a reef NOT A REEF NOT A REEF NOT A REEF NOT A REEF 

10 to 40% matrix supported Low NOT A REEF LOW LOW LOW 

40 to 95% Medium NOT A REEF LOW MEDIUM MEDIUM 

>95% clast supported High NOT A REEF LOW MEDIUM HIGH 
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3. Desktop review 

3.1.1.1 As discussed in section 2.1, two study areas were defined; the southern North Sea benthic ecology study 

area and the Hornsea Three benthic ecology study area (Figure 1.1). 

3.1.1.2 There has been a long history of broadscale benthic studies in the southern North Sea benthic ecology 

study area, and the relationships between sea temperature, primary productivity, hydrographic and 

sediment conditions with benthic faunal communities are well understood. Broadscale predictive mapping 

of seabed habitats undertaken by the EUSeaMap 2016 project also covers the southern North Sea benthic 

ecology study area; this dataset draws on a variety of benthic and water column environmental datasets, 

including sediment types, depth, turbidity and tidal current flow to classify and map the dominant seabed 

and water column features. Existing desktop data for the Hornsea Three benthic ecology study area is 

generally limited to the Humber REC and HADA MAREA data and biotope maps. Data sources are 

available for the Natura 2000 sites present within the southern North Sea benthic ecology study area; 

while these outline broad habitat types the detail on the biotopes present is generally limited, plus the data 

cover relatively discrete locations compared to the Humber REC and HADA MAREA biotope maps. 

3.1.2 Southern North Sea benthic ecology study area 

 Intertidal benthic ecology 

3.1.2.1 The chalk and flint shores of north Norfolk represent one of the few coastal outcrops of bedrock in eastern 

England and are considered a rare habitat in northwest Europe (Covey, 1998). Chalk shores also occur 

at Flamborough Head in Yorkshire and on the Thanet coast in Kent, though the reef at North Norfolk is 

thought to be the longest, with a length of approximately 30 km (Spray and Watson, 2011). 

3.1.2.2 The coast between Hunstanton and Weybourne, in North Norfolk, includes sand dunes, mobile shingle 

beaches, spits, intertidal mud and saltmarsh habitats (DTI, 2002), while the coastline immediately east of 

Weybourne comprises unstable, eroding cliffs of glacial till over a chalk base (Warwick Energy, 2009). 

While areas of exposed chalk are present in the subtidal zone between Cley and Overstrand (Spray and 

Watson, 2011a and 2011b; Watson, 2012), the only areas of chalk bedrock within the intertidal zone are 

present between Sheringham and West Runton, in the form of isolated stretches which extend into the 

subtidal zone. These intertidal chalk features represent the only areas of natural rocky substrate above 

the Mean Low Water Spring (MLWS) in the region (Covey, 1998). 

 Subtidal benthic ecology 

3.1.2.3 The SeaZone HydroSpatial data indicated a broadly homogeneous area of sand in the westernmost half 

of the former Hornsea Zone grading into slightly gravelly sand and gravelly sand in the southern and 

northeastern parts of Hornsea Project Two array area, respectively (Figure 3.1). The eastern area of the 

former Hornsea Zone, including the Hornsea Three array area, generally comprised coarser sandy 

sediment compared to the western half, with extensive areas of gravelly sand and sandy gravel. Small 

sections of slightly gravelly sand were also present in the eastern end of the former Hornsea Zone. 

Distribution of muddy sand was limited to two relatively small areas; a narrow section along the northern 

margin of the Hornsea Three array area and a central ribbon in the very eastern part of the former Hornsea 

Zone, including the Hornsea Three array area. In the deeper water, immediately to the north of the former 

Hornsea Zone, was an area of sediment dominated by muddy sand. In comparison, a large swathe of 

sediment in the west was dominated by much coarser sediments (i.e. gravels and sandy gravels), 

particularly towards the westernmost and landward extents of the southern North Sea benthic ecology 

study area.  

3.1.2.4 Similar patterns of substrate were evident in the broad scale habitat showing EUSeaMap data (JNCC, 

2016). This data drew on a variety of benthic and water column environmental datasets, including 

sediment types, depth, turbidity and tidal current flow to classify and map the dominant seabed and water 

column features. As shown in Figure 3.2 this data indicates that the wider southern North Sea benthic 

ecology study area to the west of the former Hornsea Zone and just to the west of Hornsea Three array 

area comprised predominantly circalittoral fine sand or circalittoral muddy sand. The south eastern and 

northern parts of the Hornsea Three array area and a swathe west of the Hornsea Three array area 

exhibited coarser sediments, consisting of circalittoral or infralittoral coarse sediment. The greater part of 

the western southern North Sea benthic ecology study area was shown to mainly comprise infralittoral 

coarse sediment, reflecting the sediment distributions in the SeaZone HydroSpatial data.  

3.1.2.5 The habitats along the Hornsea Three offshore cable corridor were broadly determined to be similar to 

those within the former Hornsea Zone. The EUSeaMap data indicated that circalittoral/infralittoral fine 

sands and infralittoral/circalittoral coarse sediments dominated much of the Hornsea Three offshore cable 

corridor. The EUSeaMap data indicated an area of bedrock, primarily moderate energy infralittoral rock 

with small regions of high energy infralittoral rock and moderate energy circalittoral rock, was evident 

within the Hornsea Three offshore cable corridor just offshore the North Norfolk coastline. This 

characterisation broadly corresponded with subtidal chalk beds which are a qualifying habitat for the 

Cromer Shoal Chalk Beds MCZ; see paragraph 3.1.3.52. 
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Figure 3.1: Hornsea Three subtidal benthic survey locations and SeaZone HydroSpatial sediment data for the southern North Sea benthic ecology study area. 
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Figure 3.2: Hornsea Three subtidal benthic survey locations and EUSeaMap (2016) predicted EUNIS habitats for the southern North Sea benthic ecology study area. 










































































































































